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. This paper describes t#o experiments conducted to 
replicate the‘reported findings (Entus, 1975) that infa'nts 
demonstrate a right ear advantage in the perception of dichotically 
presented syllables. Using the non-nutritive suckinjy paradiga, 48 
infants 1-3 months of age were present21 with verbal stimuli’ | 
contingent «pon criterion level sucking. Following habituation to a 4° 
stimulus pair, the. sound was changed in one ear and the rate of , 
recovery in criterion sucking was recorzied. After a short break, the 
sane procedure was repeated with the shift in the stimulus pair 
occurring in the opposite ear. In both replication attempts, stimulus 
material, response criteria and equipment involved in recording 
response measures were identical to those ased by Entus. However, -the 
following control measures were introduced: (1) an aijustable 
‘mechanical arm to hold the nipple-transducer; (2) 2 jouble blind 
proceduge, rendering the experimenter blind to the .order, of stimulus 
combinations; (3) a divider screen, separating the 2xperimentar from 

. th? subject in order to eliminate ppssible biasing interactions; (8) | 
th2 level of criterion sucking was Peaijusted and reiuced (Experiment 
1) in order to ensure conditioningfof the sucking response. Analysis 
of variance on the recovery scores was performed to jetermine the 

*effacts of ears, minutes, ¢ex and order of stimulus change. In both 

“ experiments there were no significant differences in the recovery 
scores between edrs. These results are discussed in terms of the 
possible effects of experimenter bias and lack of adequate controls 
that could have contributed to the finiings report2i by Entus. 
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Introduction’ 


It is now well established, on the basis of a wide variety 
- of clinical and experimental investigations, that the -two cere- 
bral hemispheres of the adult human brain are specialized. for 
different functions idee. Dimond §& Beaumont, 1974). duever, 
the course of development of this functional, asymmetry is a 
* more controversial issue and, in particular, thére is disagree- 
* . ment as to whether it is present at birth, or whether it develops 
gradually over the early years of life. 
The most widely held view of the development of cerebral 
asymmetry, expounded by Lenneberg (1967), states that: either. 
ot hemisphere is capable of.providing a neural substrate for the 
effective development of speech ‘and language in early life. 
HENOVERS: this equipotentiality decreases as the child nears 
puberty. Thus children who suffer severe, unilateral cerebral 
damage prior to the age of 12 may subsequent ly develop more 
“or Jess -normal language functions, despite some temporary im- 
pairment, regardless of the side of the lesion (Basser, 1962; 
Reed and Reitan, 1969; Dennis §& Kohn, 1975). 
Recently, a number of investigators have challenged the 
ee py ? 
a view that hemispheric asymmetry develops during life, and have 
\ , Suggested instead that it may be present at or before birth. 
Some of the anatomical asymmetries demonstrated in the-adult 
brain have Also been measured« in the brains of madives and neo- 


nates (Witelson and Pallie, 1973; Wada, Clarke, and Hamm, 1975). 


\ ; 
-Asymmetries in averaged evoked responses. (Molfese, Freeman and 


3: 


Palermo, 1975; Davis and Wada, 177) nd EEG activity (Crowell, 


. \ 
Kapuniai, Jones §& Nakagawa, 1973) have\ 8ecn reported during 
| auditory and visual stimulation in infants. Further, \heart 
i . rate decelcration in response to the int\roduction of a,contrast 
J stimulus has been found to be car dependeht duviny dichotic 
presentation of speech sounds (Glanville, Best and Levenson, 
1977). Thus recovery of cardiac orfenting as gteater.when a 
( novel speech ‘stimulus was introduced to the Yight rather than 
the left ear and when‘a new susie “stinalus was presented to 


the left rather than the right ear. AV 


However, only one investigation has reported functignal 


cerebral asymmetry using a behavioral response. 4 Combining the 


a ; 
the processing of non-verbal musical sounds., 
C . : ae 
The studies reported here represent. two attempts to repli- 
cate Entus's finding of a right-ear advantage for the perteption 
& : =. ache \ 
of elementary speech sounds. [Except forthe addition of several 
control measures ensuring against experimenter bias, the two 
“replication studies involved the use off the same ‘procedures, 
gress j / | : 
stimuli and apparatus as those employed by Entus. 


2 METHODS 


\ 
Sub jects , ip et 


All subjectS were recruited from local hospitals or birth 


< 
\ » : 
announce nts in newspapers. !A total gf 78 infants were brought 


to the labhoraltory for testing. Thirty subjects were excluded 
from the mp le on the basis of: 1) persistent crying or fussing 
either du ng habituation or recovery; 2) failure to émit any 


sucks during the first minute after the decrement criterion; 


to emit at least 15 sucks during the one minute base- 


‘E 4) faifure to complete both blocks of the test 


session and 5) deep sleep. 


In each experiment, the subjects were 24 healthy, full 


term infants divided\equally between the two sexes. The mean 
a 


age of the gubjects in expgginent: I was 7 weeks 5 days old,with 
_ f erty 


\ 
a range from 4 to 13.2 wéeks.- In experiment.II the mean 
age was 9 weeks 3 days with a range from 4 to 14.5 weeks. 


Parents of infants were requested to fill out a questionnaire 


giving details of handedness history in the family. 


Stimuli j ; 
‘ 


The stimuli used in both expériments consisted of the 
: ‘ 2 


four consonant-vowel syllables ial dibar, /da/ and /ga/ spoken 
by an adult.male voice. Using a PDP-11 computer, three dichotic 
tapes were made, each consisting of 5000 identical renditions of 
each of the following stimulus pairs: ma-bas da-ba, and da-ga. 
The stimulus, duration was 500, msec. with & 500 msec.inter stimu- 
lus bceeoiat ; . The dichotic pairs were recorded 
at identical intensity levels and were presented to the subjects 
at an intensity level of 75 db (measured by Stadler Sound- level 


Pin 
Meter, weighted at A) 


Apparatus 
Two testing rooms ‘séparated’ by a one way glass were used: 

one ffor the equipment and operator, the other for the experi- 

Ment@r and the subject. The apparatus consisted of a blima™ 


nipp e (Evenflow) attached to a Statham (Model P23AA) physiolo- 
t 


gical’ pressure transducer. Pressure changes on the nipple trans- 
duc@r were telayed and received by the DC prcanptifier of a 
4:channel Grass Polygraph (Model 7) which yielded a graphic 
recprd of sucking. Pen deflections beyond a mechanically set 
criltetion level on the potyarsee activated a Sony quadrophonic 
tape recorder which presented the dichotic stimuli to the in- 
lee. Two mee counters (Simpsons, DC, 12.5V) recorded 


crjterion sucks per minute. A pair of RCA voltmeters (Model 


WVB17A) were attached to the amplifier of the-tape recorder and ~* af 


ans 


i relayed to the AC preamplifiers of the polygraph, which 


provided a graphic record of stimulus presentations. 
grap Pp 


dd 


} 
Procedure 2 


—. 


( 
Infants were always awake at the beginning of the testing 


bbn6 bons Testing proceeded uninterrupted despite apparent 
changes of state provided that the spicking response was con- 
tinued. Each infant was. placed in a semi-reclining seat and 
wpre stereophonte headphones (Maico, Model 5488). 

-First, a baseline rate..of sucking was established while 


the infant sucked the nipple without receiving any sounds. For 


about the first 30 seconds of free sucking, adjustments were 


made in the criterion sucking pressure necessary to, activate 


6 , 


the polygraph. This was followed by a1 minute period during 
which a baseline count was made. In experiment I the criterion 
was set fairly low so that the baseline would lie between 40 ina 
70 sucks per minute. ‘In experiment II, for reasons given below, 
.the criterion was altered so that the baseline rate was between 
20 and. 40 sucks per minute. 

Following baseline recording, a dichotic pair of sounds’ 
was presented each Sine ake fader sucked with a pressure exceeding 
the criterion. Sucking rate was recorded minute by minute. When 
the, contingency was introduced, sucking rate typically ieyeased 
but with repeated presentation of the: same dichotic pair thé 
rate eventually decreased, or habi wisted.’ A habituation criterion 
was set at two thifds of the maximum rate recorded during any . 
1 minute period. When the rate fell below this criterion. for 


two consecutive minutes, the sound in one ear was changed. The 


other ear continued to receive the- same sound. The new pair 


was presented for acfurther $ minutes, dnd the post-chan rate 
I ( \ P : 


recorded minute by minute. Sucking rate typically increased, 
or recovered, during this period. After a 10 minute break, the 


habituation and recovery phases were repeated with the stimulus 
e ‘ 


change occurring in the other ear. Half of the subjects received 


(d ‘ 


the first change in the left ear, While the other half received 


the first change in the right ear! ‘Within each group, the head- 
H 


phone positions -wore also countgrbalanced between subjects. 


f 


“The following modifications were made in the procedure 


¢ 
used by Entus in order, to ensure against experimenter bias. | In 


the Entus study, the rubber nipple was held by the experimenter 
- 6 ig 


and woRnsapted In the infant's month whenever it was ejected. 
Since the experimenter was not completely blind to’the order of 
stimulus conditions (i.e which ear received the. shift in sound 
stimuli) she sonia have inadvertently influenced the subject's 
response. To.control for these factors, a mechanical arm was 
used in the present experiments to hold:the nipple transducer. 
Furthermore, a double blind ouseediere was introduced whereby 
the counterbalanced order of stimulus combinations, which, was 
achieved in Entus's s tudy by reversing the headphones between 
‘subjects, was regulated from the adjoining testing room. Thus 
the experimenter with the infant had no knowledge of either the 
testing phase or the order of stimulus combinations. Lastly, 
"a divider ene was placed between the experimenter and the 
subject to eliminate possible biasing interactions. . 

i Further modifications were made in experiment II. As 
‘ noted above, the criterion sucking level was adjusted so that 
the b&seline sucking rate was between 20 and 40 sucks per minute; 
in addition, the first two minutes of contingent sucking did not 
syne aware recording a maximum sucking rate for the purposes 
of defining a criterion of habituation. These changes were made 
in an attempt to improve the quality of conditioning. Condit ion- 

: { 


. . . . . . 
ing of the sucking response is best achieved when .criterion 


: x ( ; ; a ee 
sucking is adjusted strictly, thus allowing a sizeable increase 


8 
’ 


A 


in contingent sucking during the habituat iop phase (Trehub & 
Chang, in press). In Entus's study and in experiment I, the 
lenient sucking’ criterion resulted in high rates of contingent . 
sucking; the maximum ranged from 58 to 134 in Entus's study 

and from 48 to. 124,,in experiment I. These rates are rather 
-high, given that two eciverina.<ucks per second produced con- 
tinuous activation of the sound: Thus at least some of the 
infants in these experiments sucked at too high a rate te re- 
ceive a dichotic pair for every suck. With the modifications > 


: : 7 : ee , 
introduced .in experiment II, the maximum achieved during con- 
\ 


tingent sucking ranged from 17 to.65 sucks per minute. 


RESULTS 


Recovery of sucking rate was analyzed as a function of 


the ear which received a stimulus change. On the assumption 


that recovery of sucking reflects the ability of the infant 


. ° 
to discriminate a change in the stimulus condition, a greater 


recovery following a change in the right ear would suggest that: 
the left hemisphere is the more specialized in making such 
discriminations (Kimura, 1961). 

The data for each subject consisted of the number of~orem 
criterion sugks per minute recorded over successive minutes. 
In order to avoid the biasing influences of atypical sucking 
rates, percentage scores based on each subject's ix: pre i 
décrement sucking rate was calculated. Mean sucking scores }- 


during the five minutes before and after the decrement criterion | 


for experiments I and iI are shown in figures 2 and 3. 


, 
e 


by Entus. 


Analysis ae variance on percentage scores of the last 
five minutes prior to ‘decrement criterion (habituation) re- 
vealed no significant differences depending on which ear was 
receive a novel stimulus. 

Analysis of variance on the post-decrement (recovery) 
percentage scores were perfermed to denwentne the effects of 
ears, minutes, sex and atin of stimulus change (left-right - 
‘shift vs. right-Left’ shite), In both experiments, there were 
no significant differences in the recovery scores between ears 

= (Experiment I, F(1,20¥ = 1.32; Experiment iI, F(1,20). = 0.47). 
A distribution of the pattern of ear asymmetry indicated by 


t . , 
subjects in both experiments is shown in figure 6. 


The only significant effect found was that of sex in cx- 
"periment II. Mean sucking rate during recovery phase was signi- 
gihanety higher in male infants (mean for male subjects = 60.37, 

female subjects = 48.12), F(1,20)=6.40, p < .01. None of the 


ry 


remaining 


10 


main ef f{cets: nor any interactions with cars or other factors’ 
a f were found’ to reach conventional levels of significance.° j 
. A separate analysis of variance was performed on the 
. post-decrement scores of 18 infants (selected from the. sample 
, of- Experiment Il) ‘who were fork of right/’handed parents with 
“ho family history: of left handedness. All of these infants 
were fully awake ‘during: the two blocks of testing conditions. 
‘Main Factors inciwasa in this analysis were those of ears, sex 
and order of stimulus change. Once again. the only significant 
‘effect found was: that of sex, indicating higher recovery of 


~ * sucking rate in male infants (mean for male subjects = 58.41, 
= 


female subjects = 41.75). 


"In order to determine whether the introduction of a stimu- 
lus shift irrespective of ears, had significantly affected the 
recovery of sucking response, two separate analyses of variance 
were performed on the last pre- and the first post-decrement . 
percentage scores of the two experiments. Results of these 
analyses indicated that sucking rate in the first minute of 
post-decrement period was significantly higher compared to the 


last minute of pre-decremént phase. 


In Experiment I, mean recovery of sucking for right ear was 59.8 
(F(1,23) = 4.98.5, p <0.05). Mean recovery of sucking @r left 
ear was 63.62 (F(1,23) = 15.59, p < 0.0006). ~- In Experiment II, 


~ Mean recovery of sucking for right ear was 58.95 (F(1,23) = 7.77, 


1i 


p < 0.01):+and 62.14 for left ear (F(1,23) = 6.27, p < 0-01) for 


the left ear. 


DISCUSSION ; 

‘These results do not confirm Entus' (1975) finding that 
infants demonstrate hemispheric specialization in the perception 
of dichotic speech sounds. The fact that s ignificant\recovery 
of the sucking résponse was demonstrated after the inttoduction 
of a new.contrast syllable, is consistent with earlier reports 

. (Eimas, Siqueland, Jusczyk and Vigorito , 1971; Moffitt, 1971; . 
Trehub and Rabinovitch, 1972) that infants discriminate consonant- 
vowel contrasts. However, the present results suggest that this 
discrimination can be made equally effectively by either the left 


‘ 


or the right ear. : 
Failure to replicate Entus' result may be due to his modi - 

fied procedure. It is possible, for instance, that the use of 
a mechanical arm in place de the experimenter to hold the nipple 
in the infant's mouth ‘may have "depersonalized" the testing 

. situation to the point that the infant did not interpret the 
sounds as related to human speech. Alternatively, Entus' result 
may have been due to unconscious experimenter bias, which would f 
have been eliminated in the present experiments. If thre ‘lattoy” 

interpretatton is correct, our results are amenable to ee pase hile 

conclusions: cither a) the technique is insufficiently sensitive 

to demonstrate the functional asymmetry of the infant brain, or 

b) there is no significant difference’ between the capacity of 


the left and right cerebral hemispheres to discriminate speech 


sounds at this age\ 
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The speech stimuli’ were recorded in a broadcast studio on 
an Ampex Hono tape - recorder (Model 351) with’a Gates console, 


“full track reel-to-reel at 7} in. per sec. 


Two computer programs were used in preparing the dichotic 
tapes. The first was used to transfer the original stimuli 
onto Dec tape and to-determine that the duration of each 
was‘exactly 500 msec. The second was used to line up the 
onset of each dichotic pair and record it on a Quadrasonic 


Sony tape recorder at 74 in. per sec. 
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Figure Legends 
‘ 
: 
Figure I. Schematic representation of the experimental 
procedure. - 


Figure II. Mean number of sucks per minute, expressed F 
percentage of the maximum pre-decrement sucking qa 
for 5 minutes before and after the decrement criterion 
in Experiment I. , 

Figure III. Mean number of sucks per minute, expressed jas a 
percentage of the maximum pre-decrement sucking rate, 
fer S minutes before and after the decrement criterion 
in. Experiment II. 


Figure IV. Mean number of sucks ver minute for 5 minutes 
before and after the decrement criterion in Experiment 
I, superimposed on the results reported by Entus. 


Figure V. Mean number of sucks per minute for S minutes be- 
fore and after the decrement criterion in Experiment II, 
superimposed on the results reported by Entus. : 


Figure VI. Proportion of subjects demonstrating ear asyangey 
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